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instruction. The fork instruction is e?icient because it does 
not copy the parent thread general purpose registers to the 
neW thread. The second operand is typically used as a pointer 
to a data structure in memory containing initial general pur 
pose register set values for the neW thread. 
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APPARATUS, METHOD AND INSTRUCTION 
FOR INITIATION OF CONCURRENT 

INSTRUCTION STREAMS IN A 
MULTITHREADING MICROPROCESSOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/ 928,746 ?led onAug. 27, 2004, Which 
is a continuation-in-part of US. application Ser. No. 10/ 684, 
350 ?led Oct. 10, 2003 (issuing as US. Pat. No. 7,376,954) 
and US. application Ser. No. 10/684,348, ?led Oct. 10,2003, 
Which claim bene?t under 35 U.S.C. §119(e) to US. Provi 
sional Application No. 60/502,358 ?led Sep. 12, 2003, US. 
Provisional Application No. 60/502,359 ?led Sep. 12, 2003, 
and US. Provisional Application No. 60/499,180 ?led Aug. 
28, 2003, Which are incorporated herein by reference in their 
entirety. 
[0002] This application is related to US. application Ser. 
No. 10/929,342 ?led Aug. 27, 2004, and to US. application 
Ser. No. 10/929,102 ?ledAug. 27, 2004, and to US. applica 
tion Ser. No. 10/929,097 ?led Aug. 27, 2004 (issuing as US. 
Pat. No. 7,424,599), Which are incorporated herein by refer 
ence in their entirety. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 
[0004] The present invention relates in general to the ?eld 
of multithreaded processors, and particularly to instructions 
for generating neW threads of execution in a multithreaded 
processor. 
[0005] 2. BackgroundArt 
[0006] Microprocessor designers employ many techniques 
to increase their performance. Most microprocessors operate 
using a clock signal running at a ?xed frequency. Each clock 
cycle the circuits of the microprocessor perform their respec 
tive functions. According to Hennessy and Patterson, the true 
measure of a microprocessor’s performance is the time 
required to execute a program or collection of programs. 
From this perspective, the performance of a microprocessor is 
a function of its clock frequency, the average number of clock 
cycles required to execute an instruction (or alternately 
stated, the average number of instructions executed per clock 
cycle), and the number of instructions executed in the pro 
gram or collection of programs. Semiconductor scientists and 
engineers are continually making it possible for microproces 
sors to run at faster clock frequencies, chie?y by reducing 
transistor siZe, resulting in faster sWitching times. The num 
ber of instructions executed is largely ?xed by the task to be 
performed by the program, although it is also affected by the 
instruction set architecture of the microprocessor. Large per 
formance increases have been realiZed by architectural and 
organiZational notions that improve the instructions per clock 
cycle, in particular by notions of parallelism. 
[0007] One notion of parallelism that has improved the 
instructions per clock cycle, as Well as the clock frequency, of 
microprocessors is pipelining, Which overlaps execution of 
multiple instructions Within pipeline stages of the micropro 
cessor. In an ideal situation, each clock cycle one instruction 
moves doWn the pipeline to a neW stage, Which performs a 
different function on the instructions. Thus, although each 
individual instruction takes multiple clock cycles to com 
plete, because the multiple cycles of the individual instruc 
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tions overlap, the average clocks per instruction is reduced. 
The performance improvements of pipelining may be real 
iZed to the extent that the instructions in the program permit it, 
namely to the extent that an instruction does not depend upon 
its predecessors in order to execute and can therefore execute 
in parallel With its predecessors, Which is commonly referred 
to as instruction-level parallelism. Another Way in Which 
instruction-level parallelism is exploited by contemporary 
microprocessors is the issuing of multiple instructions for 
execution per clock cycle, commonly referred to as supersca 
lar microprocessors. 
[0008] What has been discussed above pertains to parallel 
ism at the individual instruction-level. HoWever, the perfor 
mance improvement that may be achieved through exploita 
tion of instruction-level parallelism is limited. Various 
constraints imposed by limited instruction-level parallelism 
and other performance-constraining issues have recently 
reneWed an interest in exploiting parallelism at the level of 
blocks, or sequences, or streams of instructions, commonly 
referred to as thread-level parallelism. A thread is simply a 
sequence, or stream, of program instructions. A multi 
threaded microprocessor concurrently executes multiple 
threads according to some scheduling policy that dictates the 
fetching and issuing of instructions of the various threads, 
such as interleaved, blocked, or simultaneous multithreading. 
A multithreaded microprocessor typically alloWs the multiple 
threads to share the functional units of the microprocessor 
(e.g., instruction fetch and decode units, caches, branch pre 
diction units, and load/store, integer, ?oating-point, SIMD, 
etc. execution units) in a concurrent fashion. HoWever, mul 
tithreaded microprocessors include multiple sets of 
resources, or contexts, for storing the unique state of each 
thread, such as multiple program counters and general pur 
pose register sets, to facilitate the ability to quickly sWitch 
betWeen threads to fetch and issue instructions. 

[0009] One example of a performance-constraining issue 
addressed by multithreading microprocessors is the fact that 
accesses to memory outside the microprocessor that must be 
performed due to a cache miss typically have a relatively long 
latency. It is common for the memory access time of a con 
temporary microprocessor-based computer system to be 
betWeen one and tWo orders of magnitude greater than the 
cache hit access time. Consequently, While the pipeline is 
stalled Waiting for the data from memory, some or all of the 
pipeline stages of a single-threaded microprocessor may be 
idle performing no useful Work for many clock cycles. Mul 
tithreaded microprocessors may solve this problem by issu 
ing instructions from other threads during the memory fetch 
latency, thereby enabling the pipeline stages to make forWard 
progress performing useful Work, someWhat analogously to, 
but at a ?ner level of granularity than, an operating system 
performing a task sWitch on a page fault. Other examples are 
pipeline stalls and their accompanying idle cycles due to a 
branch misprediction and concomitant pipeline ?ush, or due 
to a data dependence, or due to a long latency instruction such 
as a divide instruction. Again, the ability of a multithreaded 
microprocessor to issue instructions from other threads to 
pipeline stages that Would otherWise be idle may signi?cantly 
reduce the time required to execute the program or collection 
of programs comprising the threads. Another problem, par 
ticularly in embedded systems, is the Wasted overhead asso 
ciated With interrupt servicing. Typically, When an input/ 
output device signals an interrupt event to the 
microprocessor, the microprocessor sWitches control to an 
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interrupt service routine, Which requires saving of the current 
program state, servicing the interrupt, and restoring the cur 
rent program state after the interrupt has been serviced. A 
multithreaded microprocessor provides the ability for event 
service code to be its oWn thread having its oWn context. 
Consequently, in response to the input/output device signal 
ing an event, the microprocessor can quicklyiperhaps in a 
single clock cycleisWitch to the event service thread, 
thereby avoiding incurring the conventional interrupt service 
routine overhead. 
[0010] Just as the degree of instruction-level parallelism 
dictates the extent to Which a microprocessor may take advan 
tage of the bene?ts of pipelining and superscalar instruction 
issue, the degree of thread-level parallelism dictates the 
extent to Which a microprocessor may take advantage of 
multithreaded execution. An important characteristic of a 
thread is its independence of the other threads being executed 
on the multithreaded microprocessor. A thread is independent 
of another thread to the extent its instructions do not depend 
on instructions in other threads. The independent character 
istic of threads enables the microprocessor to execute the 
instructions of the various threads concurrently. That is, the 
microprocessor may issue instructions of one thread to execu 
tion units Without regard for the instructions being issued of 
other threads. To the extent that the threads access common 
data, the threads themselves must be programmed to synchro 
niZe data accesses With one another to insure proper operation 
such that the microprocessor instruction issue stage does not 
need to be concerned With the dependences. 
[0011] As may be observed from the foregoing, a processor 
concurrently executing multiple threads may reduce the time 
required to execute a program or collection of programs com 
prising the multiple threads. HoWever, there is an overhead 
associated With the creation and dispatch of a neW thread of 
execution. That is, the microprocessor must expend useful 
time performing the necessary functions to create a neW 
threaditypically allocating context for the neW thread and 
copying the parent thread’s context to the neW thread’s con 
textiand scheduling the neW thread for execution, i.e., deter 
mining When the microprocessor Will begin to fetch and issue 
instructions from the neW thread. The overhead time is analo 
gous to the task-switching overhead of a multitasking oper 
ating system and does not contribute to performing the actual 
task to be accomplished by the program or collection of 
programs, such as multiplying matrices or processing a 
packet received from a netWork or rendering an image. Con 
sequently, although in theory executing multiple threads in 
parallel may improve the microprocessor’s performance, the 
extent of the performance improvement is limited by the 
overhead of creating a neW thread. Stated alternatively, the 
larger the thread creation overhead, the greater the amount of 
useful Work that must be performed by the neW thread to 
amortize the cost of the thread creation. For threads that have 
a relatively large execution time, the thread creation overhead 
may be essentially irrelevant to performance. HoWever, some 
applications may bene?t from threads With relatively short 
execution times that are created relatively frequently, in 
Which case the thread creation overhead must be small in 
order to realiZe substantial performance gains from multi 
threading. Therefore, What is needed is a multithreaded 
microprocessor having in its instruction set a lightWeight 
thread creation instruction. 

BRIEF SUMMARY OF THE INVENTION 

[0012] The present invention provides a single instruction 
in a multithreaded microprocessor instruction set, Which 
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When executed, allocates a thread context for a neW thread and 
schedules execution of the neW thread. In one embodiment, 
the instruction occupies a single instruction issue slot in the 
microprocessor in RISC-like fashion. The instruction has 
very loW overhead because it foregoes copying the entire 
parent thread context to the neW thread, Which Would require 
either a long amount of time if the context Were copied 
sequentially, or Would require an enormous data path and 
multiplexing logic if copied in parallel. Instead, the instruc 
tion includes a ?rst operand Which is an initial instruction 
fetch address that gets stored into the program counter of the 
neW thread context and a second operand that gets stored into 
one of the registers of the register set of the neW thread 
context, such as one of the general purpose registers. The 
second operand may be used by the neW thread as a pointer to 
a data structure in memory that contains information needed 
by the neW thread, such as initial general purpose register set 
values. The second operand enables the neW thread to popu 
late only the registers needed by the neW thread by loading 
them from the data structure. This is advantageous since the 
present inventor has noted that many neW threads require only 
betWeen one to ?ve registers to be populated. Many contem 
porary microprocessors include 32 general purpose registers, 
for example; hence, in the typical case the present micropro 
cessor avoids the Wasted effort of copying the entire parent 
thread register set to the neW thread register set. 

[0013] In one embodiment, the instruction includes a third 
operand that speci?es Which of the registers in the neW thread 
context is to receive the second operand. In one embodiment, 
the instruction is executable by user-mode code advanta 
geously avoiding the need for operating system involvement 
to create a thread in the typical case. Another advantage of 
having a single instruction that performs neW thread context 
allocation and neW thread scheduling is that it preserves pre 
cious opcode space in the instruction set over implementa 
tions that require multiple instructions to create and schedule 
a neW thread. The present instruction is able to perform both 
functions in a single instruction by raising an exception to the 
instruction if no free thread context is available for allocation 
When the instruction is executed. 

[0014] In one aspect, the present invention provides an 
instruction for execution on a microprocessor con?gured to 
execute concurrent program threads. The instruction includes 
an opcode for instructing the microprocessor to allocate 
resources for a neW thread and to schedule execution of the 
neW thread on the microprocessor. The resources comprise a 
program counter and a register set. The instruction also 
includes a ?rst operand, for specifying an initial instruction 
fetch address to be stored into the program counter allocated 
for the neW thread. The instruction also includes a second 
operand for storing in a register of the register set allocated for 
the neW thread. 

[0015] In another aspect, the present invention provides a 
multithreaded microprocessor. The microprocessor includes 
a plurality of thread contexts, each con?gured to store state of 
a thread and to indicate Whether the thread context is available 
for allocation. The microprocessor also includes a scheduler, 
coupled to the plurality of thread contexts, for allocating one 
of the plurality of thread contexts to a neW thread and sched 
uling the neW thread for execution, in response to a single 
instruction in a currently executing thread. The microproces 
sor takes an exception to the single instruction if none of the 
plurality of thread contexts is available for allocation. 
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[0016] In another aspect, the present invention provides a 
multithreaded microprocessor. The microprocessor includes 
a ?rst program counter, for storing a fetch address of an 
instruction in a ?rst program thread. The microprocessor also 
includes a ?rst register set, including ?rst and second registers 
speci?ed by the instruction for storing ?rst and second oper 
ands, respectively. The ?rst operand speci?es a fetch address 
of a second program thread. The microprocessor also 
includes a second program counter, coupled to the ?rst reg 
ister set, for receiving the ?rst operand from the ?rst register 
in response to the instruction. The microprocessor also 
includes a second register set, coupled to the ?rst register set, 
including a third register, for receiving the second operand 
from the second register in response to the instruction. The 
microprocessor also includes a scheduler, coupled to the ?rst 
and second register set, for causing the microprocessor to 
fetch and execute instructions from the second program 
thread initial fetch address stored in the second program 
counter in response to the instruction. 

[0017] In another aspect, the present invention provides a 
method for creating a neW thread of execution on a multi 
threaded microprocessor. The method includes decoding a 
single instruction executing in a ?rst program thread and 
allocating for a second program thread a program counter and 
register set of the microprocessor, in response to decoding the 
instruction. The method also includes storing a ?rst operand 
of the instruction into a register of the register set, in response 
to allocating the program counter and register set for the 
second program thread. The method also includes storing a 
second operand of the instruction into the program counter, in 
response to allocating the program counter and register set for 
the second program thread. The method also includes sched 
uling the second program thread for execution on the micro 
processor, after storing the ?rst and second operand. 
[0018] In another aspect, the present invention provides a 
multithreaded processing system. The system includes a 
memory con?gured to store a fork instruction of a ?rst thread 
and a data structure. The fork instruction speci?es a register 
storing a memory address of the data structure and an initial 
instruction address of a second thread. The data structure 
includes initial general purpose register values of the second 
thread. The system also includes a microprocessor, coupled to 
the memory. The microprocessor allocates a free thread con 
text for the second thread, stores the second thread initial 
instruction address into a program counter of the thread con 
text, stores the data structure memory address into a register 
of the thread context, and schedules the second thread for 
execution, in response to the fork instruction. 

[0019] In another aspect, the present invention provides a 
computer program product for use With a computing device. 
The computer program product includes a computer usable 
medium, having computer readable program code embodied 
in the medium, for causing a multithreaded microprocessor. 
The computer readable program code includes ?rst program 
code for providing a ?rst program counter, for storing a fetch 
address of an instruction in a ?rst program thread. The com 
puter readable program code also includes second program 
code for providing a ?rst register set, including ?rst and 
second registers speci?ed by the instruction for storing ?rst 
and second operands, respectively. The ?rst operand speci?es 
a fetch address of a second program thread. The computer 
readable program code also includes third program code for 
providing a second program counter, coupled to the ?rst 
register set, for receiving the ?rst operand from the ?rst reg 
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ister in response to the instruction. The computer readable 
program code also includes fourth program code for provid 
ing a second register set, coupled to the ?rst register set, 
including a third register, for receiving the second operand 
from the second register in response to the instruction. The 
computer readable program code also includes ?fth program 
code for providing a scheduler, coupled to the ?rst and second 
register set, for causing the microprocessor to fetch and 
execute instructions from the second program thread initial 
fetch address stored in the second program counter in 
response to the instruction. 
[0020] In another aspect, the present invention provides a 
computer data signal embodied in a transmission medium, 
including computer-readable program code for providing a 
multithreaded microprocessor for executing a fork instruc 
tion. The program code includes ?rst program code for pro 
viding an opcode, for instructing the microprocessor to allo 
cate resources for a neW thread and to schedule execution of 
the neW thread on the microprocessor. The resources com 
prise a program counter and a register set. The program code 
also includes second program code for providing a ?rst oper 
and, for specifying an initial instruction fetch address to be 
stored into the program counter allocated for the neW thread. 
The program code also includes third program code for pro 
viding a second operand, for storing in a register of the reg 
ister set allocated for the neW thread. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

[0021] FIG. 1 is a block diagram illustrating a computer 
system according to the present invention. 
[0022] FIG. 2 is a block diagram illustrating the multi 
threaded microprocessor of the computer system of FIG. 1 
according to the present invention. 
[0023] FIG. 3 is a block diagram illustrating a FORK 
instruction executed by the microprocessor of FIG. 2 accord 
ing to the present invention. 
[0024] FIG. 4 is a block diagram illustrating one of the 
per-thread control registers of FIG. 2, a TCStatus Register, 
according to the present invention. 
[0025] FIG. 5 is a ?owchart illustrating operation of the 
microprocessor of FIG. 2 to execute the FORK instruction of 
FIG. 3 according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] Referring noW to FIG. 1, a block diagram illustrat 
ing a computer system 100 according to the present invention 
is shoWn. The computer system 100 includes a multithreaded 
microprocessor 102 coupled to a system interface controller 
104. The system interface controller is coupled to a system 
memory 108 and a plurality of input/ output (I/ O) devices 106. 
Each of the 110 devices 106 provides an interrupt request line 
112 to the microprocessor 102. The computer system 100 
may be, but is not limited to, a general purpose programmable 
computer system, server computer, Workstation computer, 
personal computer, notebook computer, personal digital 
assistant (PDA), or embedded system such as, but not limited 
to, a netWork router or sWitch, printer, mass storage control 
ler, camera, scanner, automobile controller, and the like. 
[0027] The system memory 108 includes memory, such as 
RAM and ROM memory, for storing program instructions for 
execution on the microprocessor 102 and for storing data to 
be processed by the microprocessor 102 according to the 
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program instructions. The program instructions may com 
prise a plurality of program threads that the microprocessor 
102 executes concurrently. A program thread, or thread, com 
prises a sequence, or stream, of executed program instruc 
tions and the associated sequence of state changes in the 
microprocessor 102 associated With the execution of the 
sequence of instructions. The sequence of instructions typi 
cally, but not necessarily, includes one or more program con 
trol instructions, such as a branch instruction. Consequently, 
the instructions may or may not have consecutive memory 
addresses. The sequence of instructions comprising a thread 
is from a single program. In particular, the microprocessor 
102 is con?gured to execute a FORK instruction for creating 
a neW program thread, i.e., for allocating the resources of the 
microprocessor 102 needed to execute a thread and for sched 
uling the thread for execution on the microprocessor 102, as 
described in detail beloW. 

[0028] The system interface controller 104 interfaces With 
the microprocessor 102 via a processor bus coupling the 
microprocessor 102 to the system interface controller 104. In 
one embodiment, the system interface controller 104 includes 
a memory controller for controlling the system memory 108. 
In one embodiment, the system interface controller 104 
includes a local bus interface controller for providing a local 
bus, such as for example a PCI bus, to Which the I/O devices 
106 are coupled. 

[0029] The I/O devices 106 may include, but are not limited 
to, user input devices such as keyboards, mice, scanners and 
the like; display devices such as monitors, printers and the 
like; storage devices such as disk drives, tape drives, optical 
drives and the like; system peripheral devices such as direct 
memory access controllers (DMAC), clocks, timers, I/O ports 
and the like; netWork devices such as media access controllers 
(MAC) for Ethernet, FibreChannel, In?niband, or other high 
speed netWork interfaces; data conversion devices such as 
analog-to-digital (A/ D) converters and digital-to-analog con 
verters; and so forth. The I/O devices 106 generate the inter 
rupt signals 112 to the microprocessor 102 to request service. 
Advantageously, the microprocessor 102 is capable of con 
currently executing multiple program threads for processing 
the events signi?ed on the interrupt request lines 112 Without 
requiring the conventional overhead associated With saving 
the state of the microprocessor 102, transferring control to an 
interrupt service routine, and restoring state upon completion 
of the interrupt service routine. 
[0030] In one embodiment, the computer system 100 com 
prises a multiprocessing system comprising a plurality of the 
multithreaded microprocessors 102. In one embodiment, 
each microprocessor 102 provides tWo distinct, but not mutu 
ally-exclusive, multithreading capabilities. First, each micro 
processor 102 includes a plurality of logical processor con 
texts, each of Which appears to an operating system as an 
independent processing element, referred to herein as a vir 
tual processing element (VPE), through the sharing of 
resources in the microprocessor 102. To the operating system, 
an N VPE microprocessor 102 appears like an N-Way sym 
metric multiprocessor (SMP), Which alloWs existing SMP 
capable operating systems to manage the plurality of VPEs. 
Second, each VPE may also contain a plurality of thread 
contexts for simultaneously executing a plurality of threads. 
Consequently, the microprocessor 102 also provides a multi 
threaded programming model Wherein threads can be created 
and destroyed Without operating system intervention in typi 
cal cases, and Where system service threads can be scheduled 
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in response to external conditions (e.g., input/output service 
event signals) With Zero interrupt latency. 
[0031] Referring noW to FIG. 2, a block diagram illustrat 
ing the multithreaded microprocessor 102 of the computer 
system 100 of FIG. 1 according to the present invention is 
shoWn. The microprocessor 102 is a pipelined microproces 
sor comprising a plurality of pipeline stages. The micropro 
cessor 102 includes a plurality of thread contexts 228 for 
storing state associated With a plurality of threads. A thread 
context 228 comprises a collection of registers and/or bits in 
registers of the microprocessor 102 that describe the state of 
execution of a thread. In one embodiment, a thread context 
228 comprises a register set 224 (such as a set of general 
purpose registers (GPRs)), a program counter (PC) 222, and 
per-thread control registers 226. The contents of portions of 
the per-thread control registers 226 are described in more 
detail beloW. The embodiment of FIG. 2 shoWs four thread 
contexts 228 each comprising a program counter 222, register 
set 224, and per-thread control registers 226. In one embodi 
ment, a thread context 228 also includes a multiplier result 
register. In one embodiment, the register sets 224 each have 
tWo read ports and one Write port for supporting a read from 
each of tWo registers and a Write to one register in a register set 
224 during a single clock cycle. As described beloW, the 
FORK instruction 300 includes tWo source operands and one 
destination operand. Consequently, the microprocessor 1 02 is 
capable of executing the FORK instruction 300 in a single 
clock cycle. 
[0032] In contrast to a thread context 228, the microproces 
sor 102 also maintains a processor context, Which is a larger 
collection of state of the microprocessor 102. In the embodi 
ment of FIG. 2, the processor context is stored in per-proces 
sor control registers 218. Each VPE includes its oWn set of 
per-processor control registers 218. In one embodiment, one 
of the per-processor control registers 218 includes a status 
register With a ?eld specifying the most recently dispatched 
thread exception raised by exception signal 234. In particular, 
if aVPE issues a FORK instruction 300 of a current thread but 
there are no free allocatable thread contexts 228 to allocate to 
a neW thread, then the exception ?eld Will indicate a Thread 
Over?ow condition. In one embodiment, the microprocessor 
102 substantially conforms to a MIPS32 or MIPS64 Instruc 
tion Set Architecture (ISA), and the per-processor control 
registers 218 substantially conform to registers for storing 
processor context of a MIPS Privileged Resource Architec 
ture (PRA), such as the mechanisms necessary for an operat 
ing system to manage the resources of the microprocessor 
102, such as virtual memory, caches, exceptions and user 
contexts. 

[0033] The microprocessor 102 includes a scheduler 216 
for scheduling execution of the various threads being concur 
rently executed by the microprocessor 102. The scheduler 
216 is coupled to the per-thread control registers 226 and to 
the per-processor control registers 218. In particular, the 
scheduler 216 is responsible for scheduling fetching of 
instructions from the program counter 222 of the various 
threads and for scheduling issuing of the fetched instructions 
to execution units of the microprocessor 102, as described 
beloW. The scheduler 216 schedules execution of the threads 
based on a scheduling policy of the microprocessor 102. The 
scheduling policy may include, but is not limited to, any of the 
folloWing scheduling policies. In one embodiment, the sched 
uler 216 employs a round-robin, or time-division-multi 
plexed, or interleaved, scheduling policy that allocates a pre 
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determined number of clock cycles or instruction issue slots 
to each ready thread in a rotating order. The round-robin 
policy is useful in an application in Which fairness is impor 
tant and a minimum quality of service is required for certain 
threads, such as real-time application program threads. In one 
embodiment, the scheduler 216 employs a blocking schedul 
ing policy Wherein the scheduler 216 continues to schedule 
fetching and issuing of a currently running thread until an 
event occurs that blocks further progress of the thread, such as 
a cache miss, a branch misprediction, a data dependency, or a 
long latency instruction. In one embodiment, the micropro 
cessor 102 comprises a superscalarpipelined microprocessor, 
and the scheduler 216 schedules the issue of multiple instruc 
tions per clock cycle, and in particular, the issue of instruc 
tions from multiple threads per clock cycle, commonly 
referred to as simultaneous multithreading. 

[0034] The microprocessor 102 includes an instruction 
cache 202 for caching program instructions fetched from the 
system memory 108 of FIG. 1, such as the FORK instruction 
300 of FIG. 3. In one embodiment, the microprocessor 102 
provides virtual memory capability, and the fetch unit 204 
includes a translation lookaside buffer for caching physical to 
virtual memory page translations. In one embodiment, each 
program, or task, executing on the microprocessor 102 is 
assigned a unique task ID, or address space ID (ASID), Which 
is used to perform memory accesses and inparticular memory 
address translations, and a thread context 228 also includes 
storage for an ASID associated With the thread. In one 
embodiment, When a parent thread executes a FORK instruc 
tion 300 to create a neW thread, the neW thread inherits the 
ASID and address space of the parent thread. In one embodi 
ment, the various threads executing on the microprocessor 
102 share the instruction cache 202 and translation lookaside 
buffer. In another embodiment, each thread includes its oWn 
translation lookaside buffer. 

[0035] The microprocessor 102 also includes a fetch unit 
204, coupled to the instruction cache 202, for fetching pro 
gram instructions, such as a FORK instruction 300, from the 
instruction cache 202 and the system memory 108. The fetch 
unit 204 fetches instructions at an instruction fetch address 
provided by a multiplexer 244. The multiplexer 244 receives 
a plurality of instruction fetch addresses from a correspond 
ing plurality of program counters 222. Each of the program 
counters 222 stores a current instruction fetch address for a 
different program thread. The embodiment of FIG. 2 illus 
trates four different program counters 222 associated With 
four different threads. The multiplexer 244 selects one of the 
four program counters 222 based on a selection input pro 
vided by the scheduler 216. In one embodiment, the various 
threads executing on the microprocessor 102 share the fetch 
unit 204. 

[0036] The microprocessor 102 also includes a decode unit 
206, coupled to the fetch unit 204, for decoding program 
instructions fetched by the fetch unit 204, such as a FORK 
instruction 300. The decode unit 206 decodes the opcode, 
operand, and other ?elds of the instructions. In one embodi 
ment, the various threads executing on the microprocessor 
102 share the decode unit 206. 

[0037] The microprocessor 102 also includes execution 
units 212 for executing instructions. The execution units 112 
may include but are not limited to one or more integer units 

for performing integer arithmetic, Boolean operations, shift 
operations, rotate operations, and the like; ?oating point units 
for performing ?oating point operations; load/ store units for 
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performing memory accesses and in particular accesses to a 
data cache 242 coupled to the execution units 212; and a 
branch resolution unit for resolving the outcome and target 
address of branch instructions. In one embodiment, the data 
cache 242 includes a translation lookaside buffer for caching 
physical to virtual memory page translations. In addition to 
the operands received from the data cache 242, the execution 
units 212 also receive operands from registers of the register 
sets 224. In particular, an execution unit 212 receives oper 
ands from a register set 224 of the thread context 228 allo 
cated to the thread to Which the instruction belongs. A mul 
tiplexer 248 selects operands from the appropriate register set 
224 for provision to the execution units 212 based on the 
thread context 228 of the instruction being executed by the 
execution unit 212. In one embodiment, the various execution 
units 212 may concurrently execute instructions from mul 
tiple concurrent threads. 
[0038] One of the execution units 212 is responsible for 
executing a FORK instruction 300 and generates a true value 
on a neW_thread_request signal 232, Which is provided to the 
scheduler 216, in response to being issued a FORK instruc 
tion 300. The neW_thread_request signal 232 requests the 
scheduler 216 to allocate a neW thread context 228 and to 
schedule for execution the neW thread associated With the neW 
thread context 228. As described in more detail beloW, if a 
neW thread context 228 is requested for allocation, but no free 
allocatable threads are available, the scheduler 216 generates 
a true value on an exception signal 234 to raise an exception 
to the FORK instruction 300. In one embodiment, the sched 
uler 216 maintains a count of the number of free allocatable 
thread contexts 228, and if the number is less than Zero When 
a neW_thread_request 232 is made, the scheduler 216 raises 
an exception 234 to the FORK instruction 300. In another 
embodiment, the scheduler 216 examines status bits in the 
per-thread control registers 226 When a neW_thread_request 
232 is made to determine Whether a free allocatable thread 
context 228 is available. 

[0039] The microprocessor 102 also includes an instruction 
issue unit 208, coupled to the scheduler 216 and coupled 
betWeen the decode unit 206 and the execution units 212, for 
issuing instructions to the execution units 212 as instructed by 
the scheduler 216 and in response to information about the 
instructions decoded by the decode unit 206. In particular, the 
instruction issue unit 208 insures that instructions are not 
issued to the execution units 212 if they have data dependen 
cies on other instructions previously issued to the execution 
units 212. In one embodiment, an instruction queue is 
imposed betWeen the decode unit 206 and the instruction 
issue unit 208 for buffering instructions aWaiting issue to the 
execution units 212 for reducing the likelihood of starvation 
of the execution units 212. In one embodiment, the various 
threads executing on the microprocessor 102 share the 
instruction issue unit 208. 

[0040] The microprocessor 102 also includes a Write-back 
unit 214, coupled to the execution units 212, for Writing back 
results of completed instructions into the register sets 224. A 
demultiplexer 246 receives the instruction result from the 
Write-back unit 214 and stores the instruction result into the 
appropriate register set 224 associated With the competed 
instruction’s thread. 

[0041] Referring noW to FIG. 3, a block diagram illustrat 
ing a FORK instruction 300 executed by the microprocessor 
102 of FIG. 2 according to the present invention is shoWn. The 
mnemonic for the FORK instruction 300 is fork rd, rs, It as 
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shown, wherein rd, rs, and It are three operands of the FORK 
instruction 300. FIG. 3 illustrates the various ?elds of the 
FORK instruction 300. Bits 26-31 are an opcode ?eld 302 and 
bits 0-5 are a function ?eld 314. In one embodiment, the 
opcode ?eld 302 indicates the instruction is a SPECIAL3 type 
instruction within the MIPS ISA, and the function ?eld 314 
indicates the function is a FORK instruction. Hence, the 
decode unit 206 of FIG. 2 examines the opcode ?eld 302 and 
the function ?eld 314 to determine the instruction is a FORK 
instruction 300. Bits 6-10 are reserved as Zero. 

[0042] Bits 21-25, 16-20, and 11-15 are an rs ?eld 304, rt 
?eld 306, and rd ?eld 308, respectively, which specify an rs 
register 324, rt register 326, and rd register 328, respectively, 
within one of the register sets 224 of FIG. 2. In one embodi 
ment, each of the rs register 324, rt register 326, and rd register 
328 is one of 32 general purpose registers of the MIPS ISA. 
The rs register 324 and It register 326 are each one of the 
registers in the register set 224 allocated to the thread in which 
the FORK instruction 300 is included, referred to as the 
parent thread, or forking thread, or current thread. The rd 
register 328 is one of the registers in the register set 224 
allocated to the thread which the FORK instruction 300 cre 
ates, referred to as the new thread, or child thread. 

[0043] As shown in FIG. 3, the FORK instruction 300 
instructs the microprocessor 102 to copy the value from the 
parent thread’s rs register 324 to the new thread’s program 
counter 222. The new thread’s program counter 222 will be 
used as the initial instruction fetch address of the new thread. 

[0044] Additionally, the FORK instruction 300 instructs 
the microprocessor 102 to copy the value from the parent 
thread’s rt register 326 to the new thread’s rd register 328. In 
typical program operation, the program will use the rd regis 
ter 328 value as a memory address of a data structure for the 
new thread. This enables the FORK instruction 300 to forego 
copying the entire register set 224 contents of the parent 
thread to the new thread register set 224, thereby advanta 
geously making the FORK instruction 300 more lightweight 
and e?icient, and executable within a single processor clock 
cycle. Instead, the new thread includes instructions to popu 
late only the registers needed by the new thread by loading the 
register values from the data structure, which have a high 
probability of being present in the data cache 242. This is 
advantageous, since the present inventor has determined that 
many new threads typically only require between one and ?ve 
registers to be populated, rather than the large number of 
registers typically found in many current microprocessors, 
such as the 32 general purpose registers of the MIPS ISA. 
Copying the entire register set 224 in a single clock cycle 
would require an unrealistically wide data path between each 
of the various thread contexts 228 in the microprocessor 102, 
and copying the entire register set 224 sequentially (e. g., one 
or two registers per clock cycle) would be much more time 
consuming and require more complexity in the microproces 
sor 102. However, the FORK instruction 300 advantageously 
executes in a RISC-fashion single clock cycle. 
[0045] Advantageously, not only operating system soft 
ware executing on the microprocessor 102 may employ the 
FORK instruction 300 to allocate resources for a new thread 

and to schedule execution of the new thread, but user level 
threads may also do so. This fact is particularly advantageous 
for programs that may create and terminate relatively short 
threads relatively frequently. For example, a program that 
includes large numbers of loops with short loop bodies and no 
data dependence between iterations may bene?t from the low 
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thread creation overhead of the FORK instruction 300. 
Assume a code loop as follows: 

The lower the overhead of thread creation and destruction, the 
smaller the FUNCTION instruction sequence can be, and still 
be usefully paralleliZed into multiple threads. If the overhead 
associated with creating and destroying a new thread is on the 
order of 100 instructions, as might be the case with a conven 
tional thread creation mechanism, then the FUNCTION must 
be many instructions long in order to obtain much bene?t, if 
any, from paralleliZing the loop into multiple threads. How 
ever, the fact that the FORK instruction 300 overhead is so 
small, in one embodiment only a single clock cycle, advan 
tageously implies that even very short code regions can be 
pro?tably paralleliZed into multiple threads. 
[0046] Although FIG. 3 shows only the copying of the rt 
register 326 and rs register 324 values from the parent thread 
context 228 to the new thread context 228, other state, or 
context, may also be copied in response to a FORK instruc 
tion 300, such as described below with respect to FIG. 4. 
[0047] Referring now to FIG. 4, a block diagram illustrat 
ing one of the per-thread control registers 226 of FIG. 2, a 
TCStatus Register 400, according to the present invention is 
shown. That is, each thread context 228 includes a TCStatus 
Register 400. The various ?elds of the TCStatus Register 400 
are described in the table in FIG. 4; however, particular ?elds 
distinctly related to the FORK instruction 300 will now be 
described in more detail. 
[0048] The TCStatus Register 400 includes a TCU ?eld 
402. In one embodiment, the microprocessor 102 comprises a 
distinct processor core and one or more coprocessors, accord 
ing to the MIPS ISA and PRA. The TCU ?eld 402 controls 
whether the thread has access to and is bound to a particular 
coprocessor. In the embodiment of FIG. 4, the TCU ?eld 402 
allows for control of up to four coprocessors. In one embodi 
ment, the FORK instruction 300 instructs the microprocessor 
102 to copy the value of the TCU ?eld 402 of the parent thread 
to the TCU ?eld 402 of the new thread created by the FORK 
instruction 300. 
[0049] The TCStatus Register 400 also includes a DT bit 
406, which indicates whether or not the thread context 228 is 
dirty. The DT bit 406 may be employed by an operating 
system to insure security between different programs. For 
example, if thread contexts 228 are being dynamically allo 
cated using FORK instructions 300 and deallocated using a 
YIELD instruction of the microprocessor 102 simultaneously 
in different security domains, i.e., by multiple applications or 
by both the operating system and an application program, a 
risk of information leakage in the form of register values 
inherited by an application exists, which must be managed by 
a secure operating system. The DT bit 406 associated with 
each thread context 228 can be cleared by software and is set 
by the microprocessor 1 02 whenever the thread context 228 is 
modi?ed. The operating system may initialiZe all thread con 
texts 228 to a known clean state and clear all associated DT 
bits 406 prior to scheduling a task. When a task switch occurs, 
thread contexts 228 whose DT bit 406 is set must be scrubbed 
to a clean state before other tasks are allowed to allocate and 
use them. If a secure operating system wishes to make use of 
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dynamic thread creation and allocation for privileged service 
threads, the associated thread contexts 228 must be scrubbed 
before they are freed for potential use by applications. The 
reader is referred to co-pending and concurrently ?led US. 
patent application entitled INTEGRATED MECHANISM 
FOR SUSPENSION AND DEALLOCATION OF COMPU 
TATIONAL THREADS OF EXECUTION IN A PROCES 
SOR (attorney docket MIPS.0l89-01US) ?led concurrently 
hereWith, referred to at the beginning of the present Applica 
tion, Which describes in detail the YIELD instruction. 

[0050] The TCStatus Register 400 also includes a DA sta 
tus bit 412 that indicates Whether or not the thread context 228 
is dynamically allocatable and schedulable by a FORK 
instruction 300 and dynamically deallocatable by a YIELD 
instruction. In one embodiment, a portion of the thread con 
texts 228 are dynamically allocatable by a FORK instruction 
300, and a portion of the thread contexts 228 are not dynami 
cally allocatable by a FORK instruction 300, but are instead 
thread contexts 228 statically assigned to permanent threads 
of a program. For example, one or more thread contexts 228 
may be statically assigned to portions of the operating system, 
rather than dynamically allocated by a FORK instruction 300. 
In another example, in an embedded application, one or more 
thread contexts 228 may be statically assigned to privileged 
service threads that in a conventional processor Would func 
tion similarly to interrupt service routines for servicing inter 
rupt sources that are knoWn to be a vital portion of the appli 
cation. For example, in a netWork router, one or more thread 
contexts 228 may be statically assigned to threads that handle 
events signaled by a set of I/O ports, Which may generate an 
extremely large volume of events that may be handled e?i 
ciently by the single cycle thread sWitching of the micropro 
cessor 102 described herein, but Which might overWhelm 
another microprocessor that had to incur the overhead asso 
ciated With taking an extremely large volume of interrupts 
and the associated state saving and transfer of control to an 
interrupt service routine. 
[0051] In one embodiment, the DA bit 412 may be used by 
an operating system to handle sharing of thread contexts 228 
among application programs. For example, a FORK instruc 
tion 300 may attempt to allocate a thread context 228 When 
there are no thread contexts 228 free for allocation, in Which 
case the microprocessor 102 Will raise a Thread Over?oW 
exception 234 to the FORK instruction 300. In response, the 
operating system may save a copy of the current values, and 
then clear the DA bits 412 of all thread contexts 228. The next 
time a thread context 228 is deallocated by an application 
program, a Thread Under?oW exception 234 Will be raised, in 
response to Which the operating system may restore the DA 
bits 412 saved in response to the Thread Over?oW exception, 
and schedule a replay of the FORK instruction 300 that gen 
erated the original Thread Over?oW exception. 
[0052] The TCStatus Register 400 also includes an A bit 
414, Which indicates Whether the thread associated With the 
thread context 228 is in an activated state. When a thread is in 
its activated state, the scheduler 216 Will be scheduled to fetch 
and issue instructions from its program counter 222 accord 
ing to the scheduler 216 scheduling policy. The scheduler 216 
automatically sets theA bit 414 When a FORK instruction 300 
dynamically allocates the thread context 228 and automati 
cally clears the A bit 414 When aYIELD instruction dynami 
cally deallocates a thread context 228. In one embodiment, 
When the microprocessor 102 is reset, one of the thread con 
texts 228 is designated as the reset thread context 228 for 
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executing the initialization thread of the microprocessor 102. 
The A bit 414 of the reset thread context 228 is automatically 
set in response to a microprocessor 102 reset. 
[0053] The TCStatus Register 400 also includes a TKSU 
?eld 416, Which indicates the privilege state or level of the 
thread context 228. In one embodiment, the privilege may be 
one of three levels: kernel, supervisor, and user. In one 
embodiment, the FORK instruction 300 instructs the micro 
processor 102 to copy the value of the TKSU ?eld 416 of the 
parent thread to the TKSU ?eld 416 of the neW thread created 
by the FORK instruction 300. 
[0054] The TCStatus Register 400 also includes a TASID 
?eld 422, Which speci?es the address space ID (ASID), or 
unique task ID, of the thread context 228. In one embodiment, 
the FORK instruction 300 instructs the microprocessor 102 to 
copy the value of the TASID ?eld 422 of the parent thread to 
the TASID ?eld 422 of the neW thread created by the FORK 
instruction 300, such that the parent thread and neW thread 
share the same address space. 

[0055] In one embodiment, the per-thread control registers 
226 also include a register for storing a halted bit for enabling 
softWare to halt a thread, i.e., to put the thread context 228 in 
a halted state, by setting the halted bit. 
[0056] Referring noW to FIG. 5, a ?owchart illustrating 
operation of the microprocessor 102 of FIG. 2 to execute the 
FORK instruction 300 of FIG. 3 according to the present 
invention is shoWn. FloW begins at block 502. 
[0057] At block 502, fetch unit 204 fetches a FORK 
instruction 300 using the program counter 222 of the current 
thread, the decode unit 206 decodes the FORK instruction 
300, and the instruction issue unit 208 issues the FORK 
instruction 300 to an execution unit 212 of FIG. 2. FloW 
proceeds to block 504. 
[0058] At block 504, the execution unit 212 indicates via 
the neW_thread request signal 232 that a FORK instruction 
300 is requesting a neW thread context 228 to be allocated and 
scheduled. FloW proceeds to decision block 506. 
[0059] At decision block 506, the scheduler 216 determines 
Whether a thread context 228 is free for allocation. In one 
embodiment, the scheduler 216 maintains a counter indicat 
ing the number of free allocatable thread contexts 228 Which 
is incremented each time a YIELD instruction deallocates a 
thread context 228 and is decremented each time a FORK 
instruction 300 allocates a thread context 228, and the sched 
uler 216 determines Whether a thread context 228 is free for 
allocation by determining Whether the counter value is greater 
than Zero. In another embodiment, the scheduler 216 exam 
ines the state bits in the per-thread control registers 226, such 
as the DA bit 412 andA bit 414 in the TCStatus Register 400 
of FIG. 4 and the halted bit, to determine Whether a thread 
context 228 is free for allocation. A thread context 228 is free 
for allocation if it is neither in an activated nor halted state, 
and is not a statically assigned thread context 228. If a thread 
context 228 is free for allocation, ?oW proceeds to block 508; 
otherWise, ?oW proceeds to block 522. 
[0060] At block 508, the scheduler 216 allocates a free 
allocatable thread context 228 for the neW thread in response 
to the FORK instruction 300. How proceeds to block 512. 
[0061] At block 512, the rs register 324 value of the parent 
thread context 228 is copied to the program counter 222 of the 
neW thread context 228, and the It register 326 value of the 
parent thread context 228 is copied to the rd register 328 of the 
neW thread context 228, as shoWn in FIG. 3, and other context 
related to the FORK instruction 300, such as described With 
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respect to FIG. 4, is also copied from the parent thread context 
228 to the neW thread context 228. FloW proceeds to block 
514. 
[0062] At block 514, the scheduler 216 schedules the neW 
thread context 228 for execution. That is, the scheduler 216 
adds the thread context 228 to the list of thread contexts 228 
that are currently ready for execution such that the fetch unit 
204 may begin fetching and issuing instructions from the 
thread context’s 228 program counter 222 subject to the con 
straints of the scheduling policy. FloW proceeds to block 516. 
[0063] At block 516, the fetch unit 204 begins fetching 
instructions at the neW thread context’s 228 program counter 
222. FloW proceeds to block 518. 
[0064] At block 518, instructions of the neW thread popu 
late the register set 224 registers of the neW thread context 228 
as needed. As described above, typically the neW thread’s 
program instructions Will populate the register set 224 from a 
data structure in memory speci?ed by the rd register 328 
value. FloW ends at block 518. 

[0065] At block 522, the scheduler 216 raises a Thread 
Over?ow exception 234 to the FORK instruction 300 to indi 
cate that no thread contexts 228 Were free for allocation When 
the FORK instruction 300 executed. FloW proceeds to block 
524. 

[0066] At block 524, an exception handler in the operating 
system creates a condition in Which an allocatable thread 
context 228 may be freed for the FORK instruction 300, for 
example as described above With respect to the DA bit 412 of 
FIG. 4. FloW proceeds to block 526. 
[0067] At block 526, the operating system re-issues the 
FORK instruction 300 that caused the exception 234 at block 
522, Which noW succeeds due to the availability of a free 
allocatable thread context 228, for example as described 
above With respect to the DA bit 412 of FIG. 4. FloW ends at 
block 526. 
[0068] Although the present invention and its objects, fea 
tures, and advantages have been described in detail, other 
embodiments are encompassed by the invention. For 
example, although embodiments have been described in 
Which the neW thread context 228 is allocated on the same 

VPE as the parent thread context, in another embodiment, if 
the parent VPE detects that no free allocatable thread contexts 
are available on the VPE, the VPE attempts a remote FORK 
instruction on anotherVPE. In particular, the VPE determines 
Whether another VPE has a free allocatable thread context and 
has the same address space as the parent thread context, and if 
so, sends a FORK instruction information packet to the other 
VPE to enable the otherVPE to allocate and schedule the free 
thread context. In addition, the FORK instruction described 
herein is not limited to use on a microprocessor that executes 
multiple threads concurrently to solve a particular latency 
event, but may be executed on microprocessors that multi 
thread on cache misses, mispredicted branches, long latency 
instructions, etc. Furthermore, the FORK instruction 
described herein may execute on scalar or superscalar micro 
processors. Additionally, the FORK instruction described 
herein may execute on a microprocessor With any of various 
scheduling policies. Still further, although an embodiment of 
the FORK instruction has been described in Which the rt value 
is copied to a register of the neW thread context, other embodi 
ments are contemplated in Which the rt value is provided to 
the neW thread context via other means, such as via memory. 
Finally although embodiments have been described in Which 
the operands of the FORK instruction are stored in general 
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purpose registers, in other embodiments the operands may be 
stored via other means, such as via a memory or via a non 
general purpose register. For example, although embodi 
ments have been described in Which the microprocessor is a 
register-based processor, other embodiments are contem 
plated in Which the processor is a stack-based processor, such 
as a processor con?gured to e?iciently execute Java virtual 
machine code. In such embodiments, the operands of the 
FORK instruction may be speci?ed in an operand stack in 
memory rather than in a register. For example, each thread 
context may include a stack pointer register, and ?elds of the 
FORK instruction may specify offsets of the FORK operands 
into the stack memory relative to the stack pointer register 
value, rather than specifying registers in the microprocessor’s 
register space. 
[0069] In addition to implementations of the invention 
using hardWare, the invention can be embodied in softWare 
(e.g., computer readable code, program code, instructions 
and/or data) disposed, for example, in a computer usable 
(e.g., readable) medium. Such softWare enables the function, 
fabrication, modeling, simulation, description and/ or testing 
of the apparatus and method described herein. For example, 
this can be accomplished through the use of general program 
ming languages (e.g., C, C++, JAVA, etc.), GDSII databases, 
hardWare description languages (HDL) including Verilog 
HDL, VHDL, and so on, or other available programs, data 
bases, and/or circuit (i.e., schematic) capture tools. Such soft 
Ware can be disposed in any knoWn computer usable (e.g., 
readable) medium including semiconductor memory, mag 
netic disk, optical disc (e. g., CD-ROM, DVD-ROM, etc.) and 
as a computer data signal embodied in a computer usable 
(e.g., readable) transmission medium (e.g., carrier Wave or 
any other medium including digital, optical, or analog-based 
medium). As such, the softWare can be transmitted over com 
munication netWorks including the Internet and intranets. It is 
understood that the invention can be embodied in softWare 
(e.g., in HDL as part of a semiconductor intellectual property 
core, such as a microprocessor core, or as a system-level 
design, such as a System on Chip or SOC) and transformed to 
hardWare as part of the production of integrated circuits.Also, 
the invention may be embodied as a combination of hardWare 
and softWare. 
[0070] Finally, those skilled in the art should appreciate that 
they can readily use the disclosed conception and speci?c 
embodiments as a basis for designing or modifying other 
structures for carrying out the same purposes of the present 
invention Without departing from the spirit and scope of the 
invention as de?ned by the appended claims. 

1-20. (canceled) 
21. A multiprocessing system comprising: 
a multithreaded microprocessor having a plurality of logi 

cal processor contexts each of Which appears to an 
N-Way symmetric multiprocessor (SMP) operating sys 
tem executing on the multithreaded microprocessor as a 
multithreaded virtual processing element (VPE), 

Wherein the SMP operating system manages a simulta 
neously executing plurality of threads that can be created 
and destroyed Without operating system intervention, 
and 

Wherein threads can be scheduled in response to external 
conditions With substantially no interrupt latency. 

22. The multiprocessing system of claim 21, Wherein 
threads scheduled in response to external conditions are sys 
tem service threads. 
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23. The multiprocessing system of claim 21, wherein each 
thread context comprises a collection of bits in registers that 
describe the execution state of a thread, a program counter 
(PC) and a per-thread control register 

24. The multiprocessing system of claim 21, Wherein each 
thread context comprises a result register having tWo read 
ports and one Write port for supporting a read from each of 
tWo operand registers and a Write to one destination register in 
a register set during a single clock cycle. 

25. The multiprocessing system of claim 21, further com 
prising a processor context, stored in per-processor control 
registers, associated With each VPE. 

26. The multiprocessing system of claim 21, Wherein each 
VPE comprises a set of per-processor control registers and a 
status register With a ?eld for specifying a most recently 
dispatched thread exception raised by an exception signal, 
and Wherein if a VPE issues an instruction to allocate 
resources for a neW thread When free allocatable thread con 

texts are not available, a value in the exception ?eld indicates 
a thread over?ow condition. 

27. A multiprocessing system comprising: 
a multithreaded microprocessor having a plurality of logi 

cal processor contexts each of Which appears to an 
N-Way symmetric multiprocessor (SMP) operating sys 
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tem executing on the multithreaded microprocessor as a 
multithreaded virtual processing element (VPE), 

Wherein the execution of a single RlSC-like instruction in 
a parent thread allocates resources for a neW thread and 
schedules execution of the neW thread. 

28. The multiprocessing system of claim 27, Wherein the 
single RlSC-like instruction is issued by the SMP operating 
system. 

29. The multiprocessing system of claim 27, Wherein the 
single RlSC-like instruction is issued by a user level thread. 

30. The multiprocessing system of claim 29, Wherein very 
short code regions of user code are paralleliZed into multiple 
threads. 

31. The multiprocessing system of claim 27, Wherein the 
single RlSC-like instruction transfers a value to a program 
counter associated With the neW thread and transfers a value 
from a register in to de?ne a location of a data structure for 
populating registers of the neW thread 

32. The multiprocessing system of claim 27, Wherein the 
single RlSC-like instruction includes an opcode ?eld that 
indicates the instruction is a SPECIAL3 type instruction 
Within the MIPS ISA and a function ?eld that indicates that 
the function is a FORK instruction. 

* * * * * 


